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(g) Optical recording medium and optical recording apparatus. 

(§) Disclosed herein is an optical recording medium having guide grooves (101) which are parallel or 
substantially parallel, tracks formed among the guide grooves, offset-compensating areas (107) spaced 
apart In lengthwise direction of the guide grooves and separating each of the tracks into portions, first 
pits (103) formed in each portion of each of the tracks and arranged in a center line of the track, and 
second pits (104) formed in the offset-compensating areas and extending in the center line of the tracks. 
Also disclosed herein is an optical recording apparatus for applying a light beam to the optical 
recording medium as defined above, thereby to record data on the medium and reproduce data there 
from. In the apparatus, two tracking error signals, which represent the distance between the center of a 
light spot formed on the medium and the center line of a target track, are generated form diffracted light 
beams from any one of the guide grooves and the offset-compensating area adjacent to the guide 
groove. The first tracking error signal is corrected in accordance with the second tracking signal, and 
the position of the light spot is controlled in accordance with the first tracking error signal thus 
corrected. 
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The present invention mainly relates to an optical 
recording medium such as an optical djsk, and also to 
an optical recording apparatus which uses the optical 
recording medium. 

Various types of optical disk apparatuses are 
known, each can record data by applying an intense 
light beam such as a laser beam onto the concentric 
circular tracks or a spiral track formed on an optical 
disk, and also can read or reproduce the data from the 
optical disk by applying a less intense light beam onto 
the concentric tracks or the spiral track. The optical 
disk apparatuses are classified into three types. The 
first type is write once (read many) type, the second 
type is rewritable-type, and the third type is read only 
type. 

In recent years, the write once type optical disk 
apparatus has been developed and put on market bef- 
ore the rewritable-type apparatus. With this optical 
disk apparatus the user can write data on the disk, in 
addition to the data recorded on the disk by the man- 
ufacturer of the disk. The write once type apparatus 
was first made commercially available in the form of 
a document fling system. Now it is also available in 
the form of a peripheral memory device of computer 
for highly reliability, and the like. The rewritable-type 
apparatus can erase data from an optical disk and can 
write new data thereon. 

The technique employed in the optical disk 
apparatus of either type, for recording and reproduc- 
ing data, is performed also in an optical card 
apparatus for recording data on a optical card and 
reproducing it therefrom, and in an optical tape 
apparatus for recording data on optical tape and 
reproducing it therefrom. Hereinafter, optical disks, 
optical cards, and optical tape will be generally called 
"optical data-recording medium," and any apparatus 
for recording data on, and reproducing it from, an opti- 
cal disk, an optical card, or optical tape will be gener- 
ally called 'optical data-recording/reproducing 
apparatus." 

The concentric circular tracks or the turns of the 
spiral track of most commercially available optical 
disks are spaced apart at intervals of about 1.6 um. 
To record data on the track, a converged laser beam 
is applied from a laser onto the track, forming a light 
spot having a diameter of about 1.2 urn on the track, 
and forming a record mark having a diameter of about 
1 prn in the track. The record mark is formed by des- 
troying or deforming that portion of the recording layer 
of the disk which has been illuminated with the laser 
beam. Alternatively, the mark is formed by changing 
the optical property of said portion of the recording 
layer. 

The optica! disk has a groove extending along the 
spiral track or grooves extending along the concentric 
tracks, respectively. An optical disk apparatus has a 
tracking control system comprising a multi-segment 
photo-detector and a device for controlling the posi- 



tion of the laser spot. The optical detector receives the 
laser beam reflected from any groove and generates 
a tracking error signal from this beam. The error signal 
is input to the position control device. In accordance 
5 with the error signal, the device moves the objective 
lens to such a position that the laser-beam spot lands 
fully on the target track. 

The tracking control system has a drawback. 
When the disk is placed eccentric to the spindle of the 
10 disk drive, the target track deviates from the axis of the 
objective lens which converges the laser beam. When 
the disk warps or inclines, the beam reflected from the 
target track deviates from the optical axis of the optical 
detector. In either case, the tracking error signal has 
15 the offset which corresponds to the deviation of the 
track or the reflected beam. The offset contained in 
the error signal results in an inaccurate tracking con- 
trol. Hence, the laser beam applied via the objective 
lens form a light spot on the disk, which is deviated a 
20 little from the target track. Consequently, data cannot 
be correctly recorded on, or reproduced from, the 
target track, and the optical disk apparatus is less reli- 
able than required. 

To eliminate the drawback of the tracking control 
25 system, new tracking control technique has been 
developed. This technique is characterized in two res- 
pects. First, an optical disk is used which has elon- 
gated mirror-surface areas extending in the radial 
direction of the disk and mutually spaced apart, and 
30 discontinuous guide grooves extending along the spi- 
ral track or concentric tracks and located among the 
mirror-surface areas. Second, the laser beam reflec- 
ted from any mirror-surface area is converted into an 
electric signal, and this signal corrects the tracking 
35 error signal generated from the laser beam reflected 
from the guide groove adjacent to the mirror-surface 
area. The optical disk, for example, an write once type 
disk having a diameter of 130 mm, is pre-formatted 
such that it has a number of sectors, and each sector 
40 has one mirror-surface area. 

Fig. 7 is an enlarged plan view of the optical disk 
of the type described in the preceding paragraph. As 
is shown in this figure, guide grooves 401 extend 
along the concentric trades or the spiral track, prepits 
45 403 are formed in each track, and a mirror-surface 
area 404 extends in the radial direction of the disk. 
The concentric tracks or the turns of the spiral track 
are spaced apart from one another, at intervals of 1 .6 
urn The grooves 401 and the prepits 403 have been 
so formed at the time of manufacturing the substrate of 
the disk. The prepits 403 are used as sector marks, 
as marks for generating dock-sync signals, or as 
marks representing address data. 

Fig. 8 is a graph explaining how the levels of two 
55 tracking error signals changes with time, which are 
being generated from a beam reflected from the opti- 
ca! disk shown in Fig. 7. Plotted on the horizontal axis 
is the tracking error, i.e., the distance between the 



2 



3 



EP 0 457 536 A1 



4 



center line of the target track and the center of the light 
spot the converged laser beam forms on the disk. 
Plotted on the vertical axis is the level of either track- 
ing error signal. 

Curve 501 designates an error signal generated s 
from a laser beam reflected from the disk when the 
target track does not deviate from the axis of the 
objective lens, nor the warps or inclines. As can be 
understood from the curve 501, the error signal is at 
zero level when there are no tracking errors. The 10 
operating point 502 of feedback control for setting the 
error signal 501 at zero level is located at the origin 
(0, 0). As a result, excellent tracking control can be 
achieved in accordance with the tracking error signal 
501. ~ 15 

On the other hand, signal curve 503 designates 
a tracking error signal generated from a laser beam 
reflected from the disk when the objective lens devi- 
ates from the axis of the optical head, or when the disk 
has static deflection or tilt. As is evident from the curve 20 
503, this error signal is not at zero level when there 
are no tracking errors. Consequently, good tracking 
control cannot be accomplished in accordance with 
this tracking error signal curve 503. To achieve excel- 
lent tracking control, it is necessary to evaluate the off- 25 
set 505 of the error signal curve 503 (i.e., the level 
which the error signal has when the tracking error is 
zero), and to perform correcting the error signal and 
perform feedback control by the value corresponding 
to this offset 505. 30 

When the objective lens deviates from the axis of 
the optical head, or when the disk warps or inclines, 
the tracking error signal generated from the laser 
beam reflected from any mirror-surface area of the 
disk has an offset, too. This offset is substantially pro- 35 
portional to, or is a simple function of, the offset 505 
of the error signal generated from any guide groove 
401 . Hence, the offset of the tracking error signal gen- 
erated from the beam reflected from the groove 401 
can be compensated to a little extent in accordance 40 
with the tracking error signal generated from the beam 
reflected from the mirror-surface area 404. 

In order to increase the reliability of the optical 
disk apparatus or the recording density, it is required 
that tracking control be achieved with higher pre- 45 
cision. However, no high-precision tracking control 
can be accomplished by the above-described tech- 
nique, wherein the offset of a tracking error signal 
generated from a laser beam reflected from the guide 
groove is compensated in accordance with a tacking so 
error signal generated from a beam reflected from a 
mirror-surface area adjacent to the mirror-surface 
area. This is because the offset cannot be detected 
with a sufficiently high precision. 

The tracking control technique, explained above 55 
with reference to Figs. 7 and 8, is disadvantageous. 
The mirror-surface areas 404 may cause errors in 
counting the tracks which the laser beam crosses as 



the optical head is moved in the radial direction of the 
optical disk to the desired track. Track-counting 
errors, if any, can make a prominent bar to an 
increase in data-accessing speed of the optical disk 
apparatus. 

In summary, the conventional technique of cor- 
recting the offset of a tracking error signal generated 
from a laser beam reflected from the guide groove 
adjacent to the mirror-surface area in accordance with 
a tacking error signal generated from a beam reflec- 
ted from a mirror-surface area is disadvantageous in 
two respects. First, it is hard to accomplish high-preci- 
sion tracking control since the offset cannot be detec- 
ted with a sufficiently high accuracy. Second, the 
mirror-surface areas may cause errors in counting the 
tracks scanned by the laser beam emitted from the 
optical head moving in the radial direction of the opti- 
cal disk to the desired track, inevitably rendering high- 
precision access control impossible. 

The object of the invention is to provide an optical 
recording medium which allows for both high-preci- 
sion tracking control and high-precision access con- 
trol, and also an optical recording apparatus using the 
recording medium. 

According to a first aspect of the invention, there 
is provided an optical recording medium having a 
plurality of parallel guide grooves, a plurality of tracks 
formed among the guide grooves, a plurality of offset- 
compensating areas spaced apart in lengthwise 
direction of the tracks and separating each of the 
guide grooves into portions, and a plurality of pits for- 
med in the offset-compensating areas and extending 
in the center line of the tracks. 

According to the first aspect of the invention, too, 
there is provided an optical recording apparatus 
which applies a light beam to the optical recording 
medium described above, thereby to record data on 
the medium and reproduce data therefrom, and in 
which first and second tracking error signals, which 
represent the distance between the center of a light 
spot formed on the medium and the center line of a 
target track, are generated form diffracted light beams 
reflected from any one of the guide grooves and the 
offset-compensating area adjacent to the guide 
groove, the first tracking error signal is corrected in 
accordance with the second tracking signal, and the 
position of the light spot is controlled in accordance 
with the first tracking error signal thus corrected. 

According to a second aspect of the present 
invention, there is provided an optical recording 
medium having a plurality of parallel guide grooves, a 
plurality of tracks formed among the guide grooves, 
and a plurality of offset-compensating areas spaced 
apart in lengthwise direction of the tracks, each hav- 
ing continuous two portions curved in the opposite 
directions. 

According to the second aspect of the invention, 
too, there is provided an optical recording apparatus 
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which applies a light beam to the optical recording 
medium described in the preceding paragraph, 
thereby to record data on the medium and reproduce 
data therefrom, and in which a tracking error signal, 
which represents the distance between the center of 5 
a light spot formed on the medium and the center line 
of a target track, is generated form a diffracted light 
beam reflected from any one of the guide grooves, 
and an offset-correcting signal is generated from the 
diffracted light beams reflected from the two curved 10 
portions of any guiding groove, the tracking error sig- 
nal is corrected in accordance with the offset-correct- 
ing signal, and the position of the light spot is 
controlled in accordance with the first tracking error 
signal thus corrected. 15 

The optical recording medium according to the 
first aspect of the invention has pits formed in each off- 
set-compensating area and optically functioning in 
the same way as as the guide grooves. Hence, when 
the objective lens deviates from the axis of the optical zo 
head, or when the medium warps or inclines, the sec- 
ond tracking error signal generated from the diffracted 
light beam reflected from an pit, has the same offset 
as the first tracking error signal which has been gen- 
erated from the diffracted light beam reflected from 25 
the guide groove adjacent to the pit, and its magnitude 
changes in the opposite direction with respect to the 
magnitude of the first tracking error signal. The offset 
of the first tracking error signal is compensated by 
subtracting the second error signal from the second, 30 
whereby high-accuracy tracking control can be 
achieved. 

Since the pits formed in each offset-compensat- 
ing area optically function in the same way as the 
guide groove, the tracks irradiated with a light spot 35 
and, hence, accessed can be counted accurately. 

As has been described, the optical recording 
medium according to the second aspect of the inven- 
tion has offset-compensating areas and guide 
grooves, each having first and second portions both 40 
located in each offset-compensating area and devi- 
ated in the opposite directions. The diffracted light 
beams reflected from the first and second curved por- 
tions of any guide groove are detected, an intensity 
difference between these light beams is obtained, and 45 
an offset-correcting signal representing this intensity 
difference is generated. The tracking error signal gen- 
erated from the diffracted light beam reflected from 
the any other portion of the guide groove is corrected 
in accordance with the offset-correcting signal, so 
thereby removing from the tracking error signal the 
offset which has resulted from the deviation of the 
objective lens from the axis of the optical head, or the 
warping or inclination of the optical recording medium. 
In other words, the offset is readily compensated. 55 

Since the guide grooves are continuous, formed 
ateo in any offset-compensating area, the tracks 
irradiated with a light spot and, hence, accessed can 



be counted more accurately than in the case of the 
optical recording medium according to the first aspect 
of the present invention. 

This invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 

Fig. 1 is an enlarged plan view illustrating a part 

of an optical disk according to an embodiment of 

the invention; 

Fig. 2 is a graph representing the tracking-error 
detecting characteristic of an optical disk 
apparatus using the optical disk shown in Fig. 1; 
Fig. 3 is a block diagram showing the optical disk 
apparatus in which the disk of Fig. 1 is used; 
Fig. 4 is an enlarged plan view showing a part of 
an optical disk according to a second embodi- 
ment of the present invention; 
Fig. 5A is an enlarged plan view illustrating adja- 
cent two of the guide grooves formed in the sur- 
face of the optical disk shown in Fig. 4; 
Fig. 5B is a graph representing the tracking-error 
detecting characteristic of an optical disk 
apparatus using the optica] disk shown in Fig. 4; 
Fig. 5C is another enlarged plan view illustrating 
adjacent two of the guide grooves formed in the 
surface of the optical disk shown in Fig. 4; 
Fig. 5D is another graph representing the track- 
ibng-error detecting characteristic of an optical 
disk apparatus using the optical disk shown in 
Fig. 4; 

Fig. 6 is a block diagram illustrating the optical 
disk apparatus in which the disk of Fig. 4 is used; 
Fig. 7 is an enlarged plan view showing a part of 
a conventional optical disk; 
Fig. 8 is a graph representing the tracking-error 
detecting characteristic of a conventional optical 
disk apparatus using the optical disk shown in 
Fig. 7; and 

Fig. 9 is a plan view explaining how the optical 

disk according to the invention is formatted, thus 

having tracks and sectors. 

An optical disk, which is an embodiment of the 
present invention, will be described with reference to 
Fig. 1. As is shown in this figure, the disk has parallel 
guide grooves 101, prepits 103, and mirror-surface 
areas 107. The guide grooves 101 extend along the 
concentric tracks or the spiral track. The prepits 103 
are formed in each track and arranged in a center line 
105 thereof. Each mirror-surface area 107 extends in 
the radial direction of the disk, thus separating one set 
of guide grooves 101 from another set of guide 
grooves 101. The optical disk further has elongated 
pits 104, each formed in the mirror-surface area 107 
and, hence, located between two guide grooves of 
two adjacent sets. The elongated pits 1 04 are used to 
compensate for the offsets of tracking error signals 
generated from diffracted laser beams reflected from 
the guide grooves 101. Hereinafter, those areas 106 



7 



EP 0 457 536 A1 



8 



in which the guide grooves 101 are formed will be cal- 
led "guide areas/ and the mirror-surface areas 107 in 
which the elongated pits 104 are formed will be refer- 
red to as "offset-compensating areas." 

As is shown in Fig. 9, the optical disk has a num- s 
ber of concentric circular tracks 601. The recording 
layer of the disk consists of a plurality of sectors. The 
guide areas 106 and the offset-compensating areas 
107 are formed in the recording layer such that these 
areas extend in the radial direction of the disk and are 10 
spaced apart from one another along the concentric 
tracks. In the case of an optical disk having a spiral 
track, the guide areas 106 and the offset-compensat- 
ing areas 107 are formed in the same way. 

The guide grooves 1 01 , the prepits 1 03, and the is 
elongated pits 104 have been formed at the time of 
manufacturing the optical disk. The prepits are used 
as sector marks, as marks for generating dock-sync 
signals, or as marks representing address data. 

The optical disk shown in Fig. 1, in particular the 20 
function of the offset-compensating areas 107, will 
now be described, with reference to Fig. 2. Fig. 2 rep- 
resents the tracking-error detecting characteristic of 
an optical disk apparatus using the optical disk of Fig. 
1. As in Fig. 8, plotted on the horizontal axis is the 25 
tracking error, i.e., the distance between the center 
line of the target track and the center of the light spot 
the converged laser beam forms on the disk. Plotted 
on the vertical axis is the level of either tracking error 
signal. The concentric tracks 601 are spaced apart 30 
from one another, at intervals of 1 .6 um. 

In Fig. 2, curve 201 designates an error signal 
generated from a laser beam reflected from the disk 
when the objective lens does not deviate from the axis 
of the optical head, nor the warps or inclines. As the 35 
curve 201 shows, the error signal is at zero level when 
there are no tracking errors. The operating point 202 
of feedback control for setting the error signal curve 
201 at zero level is located at the origin (0, 0). As a 
result excellent tracking control can be achieved in 40 
accordance with the tracking error signal curve 201. 

Curve 203 in Fig. 2 designates a tracking error 
signal generated from a laser beam reflected from the 
disk when the objective lens deviates from the axis of 
the optical head, or when the disk warps or inclines. 45 
As is evident from the curve 203. this error signal is 
not at zero level when there are no tracking errors. If 
the feedback control is performed in accordance with 
this error signal 204, the operating point 204 of the 
feedback control will deviate from the origin (0, 0). so 
Consequently, good tracking control cannot be 
accomplished in accordance with this tracking error 
signal curve 203. To achieve excellent tracking con- 
trol, it is necessary to evaluate the offset 205 of the 
error signal curve 203, or the level which the error sig- 55 
nal has when the tracking error is zero, and to correct 
the error signal curve 203 by the value corresponding 
to this offset 205 and perform feed back control. 



In the conventional optical apparatus, the offset 
of the tracking error signal 503 generated from the 
laser beam reflected from the groove 401 is compen- 
sated, but to some extent, in accordance with the 
tracking error signal generated from the beam reflec- 
ted from the mirror-surface area 404. In the apparatus 
according to the invention, the error signal 202 is com- 
pensated more reliably in accordance with the track- 
ing error signal generated from a diffracted laser 
beam reflected from an elongated pit 107 formed in 
the offset-compensating area 1 07. 

The tracking error signal curve 206 also has an 
offset, if generated from a diffracted laser beam ref- 
lected from the elongated pit formed in the offset-com- 
pensating area 107 when the objective lens deviates 
from the axis of the optical head, or when the disk 
warps or inclines. The elongated pits 104 have the 
same cross section as the guide grooves 101. Hence, 
the tracking error signal generated from a diffracted 
laser beam reflected from the elongated pit 104 has 
its level changed as is indicated by curve 206 in Fig. 
2. In other words, this error signal curve 206 has the 
same offset as the tracking error signal 203 generated 
from the laser beam reflected from the guide area 
1 06, and its waveform deviates by 0.8 urn, i.e., half the 
track pitch, from the waveform of the tracking error 
signal curve 203. As is evident from Fig. 2, the signal 
curve 206 is 1 80°out of phase with respect to the sig- 
nal curve 203. In other words, the magnitudes of the 
signal curves 203 and 206 are changing in the oppo- 
site directions at any given tracking error. The differ- 
ence between these signal curves 203 and 206 is 
obtained. The tracking control is carried out in accord- 
ance with the difference, more reliably and accurately 
than in the conventional optical disk apparatus which 
performs tracking control in accordance with a track- 
ing error signal generated from a laser beam reflected 
from a mirror-surface area. 

The optical disk apparatus according to the inven- 
tion, which uses the optical disk of Fig. 1 as recording 
medium, will now be described with reference to Fig. 
3. 

As is illustrated in Fig. 3, the optical disk 
apparatus has an optical head 12, 4-elements photo- 
detector 14, amplifiers 15, a signal-processing circuit 
16, a tracking-error detecting circuit 20, a timing- 
detecting circuit 21, an offset-compensating "circuit 
22, an actuator drive circuit 28, a tracking actuator 29, 
a track counter 39, and a track-accessing device 40. 

The optical head 12 is designed to record data on, 
and reproduce data from, the optical disk 1 1 set in the 
optical disk apparatus. The head 12 comprises an 
optical system including an objective lens 13, and a 
light source (e.g., a semiconductor laser). 

The optical detector 14 which opposes the optical 
disk 1 1 , for detecting a diffracted laser beam reflected 
from the optical disk 11. The detector 14 has four 
photoelectric segments each of which converts input 
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light into an electric signal. The four electric signals 
output by the segments are input to the amplifiers 15. 
which amplify the signals. The amplified signals are 
supplied to the signal-processing circuit 16 and also 
to the tracking-error detecting circuit 20. 

The signal-processing circuit 16 comprises an 
adder 17 for adding the four signals output from the 
detector 14, an equalizing circuit 18 for equalizing the 
waveform of the signal output from the adder 17, and 
a data-reproducing circuit 19 of the known type desig- 
ned for reproducing the data recorded on the disk 1 1 . 

The tracking-error detecting circuit 20 obtains the 
sum of the signals output by those two photoelectric 
segments of the detector 14 which are arranged along 
the tracks of the disk 1 1 , and the difference between 
the signals output by those two photoelectric seg- 
ments of the detector 14 which are arranged along a 
radius of the disk 1 1 f thereby to generate a tracking 
error signal. The tracking error signal has a level 
which repeatedly rises and falls in accordance with 
the magnitude of the tracking error and the direction 
in which the light spot formed on the disk 1 1 deviates 
from the center line of the target track. The tracking- 
error detecting circuit 20 is of the known type, and will 
not be described in further detail. 

The signal-processing circuit 16 is supplied to the 
timing circuit 21. The circuit 21 detects the timing the 
offset-compensating area 107 of any sector is 
irradiated with the light spot, the timings the light spot 
flluminates that end of any guide groove 1 01 and that 
end of the next guide groove 101, which are rear and 
front relative to the direction of the rotation of the disk 
11, respectively. Upon detecting these timings, the 
circuit 21 generates timing pulses. The timing pulses 
are supplied to the offset-compensating circuit 22. 

The offset-compensating circuit 22 comprises a 
sample-and-hold circuits 23, 24 and 25, an average- 
value circuit 26, a subtracter circuit 27, an amplifier 
36, an integration filter 37, and an adder 38. When any 
offset-compensating area 107 is irradiated with the 
light spot, the offset-compensating circuit 22 samples 
and holds the tacking error signal 203 which the track- 
ing-error detecting circuit 20 has generated from the 
laser beam reflected from the guide area 106, and 
ateo the tacking error signal curve 206 which the 
tracking-error detecting circuit 20 has generated from 
the laser beam reflected from the offset-compensat- 
ing area 107. Further, the circuit 22 compensates the 
offset 205 of the tracking error signal curve 203. 

The sample-and-hold circuits 23, 24, and 25 
sample the tracking error signal output by the track- 
ing-error detecting circuit 20, with the three timing 
pulses supplied from the timing detecting circuit 21. 
More precisely, the sample-and-hold circuit 23 sam- 
ples the tracking error signal at the timing the offset- 
compensating area 107 is irradiated, and outputs a 
signal which corresponds to the tracking error signal 
206 generated from the laser beam reflected from the 



offset-compensating area 107. The output signal of 
the sampie-hold-circuit 23 is supplied to the subtrac- 
ter circuit 27. The sample-and-hold circuits 24 and 25 
sample the tracking error signal at the timings the light 

5 spot illuminates that end of any guide groove 1 01 and 
that end of the next guide groove 101 which are rear 
and front relative to the direction of the rotation of the 
disk 11, respectively, and then outputs signals. The 
output signals of the circuits 24 and 25 are supplied 

10 to the average-value circuit 26. The circuit 26 pro- 
duces a signal at the average level of the input sig- 
nals. The signal produced by the circuit 26 
corresponds to the tracking error signal curve 203 
generated from the laser beam reflected from the 

15 guide groove 1 01 . 

As has been described, the offset-compensating 
area 107 has no guide grooves. Nonetheless, the use 
of the sample-and-hold circuits 24 and 25 can pro- 
duce the tracking error signal curve 203 since they 

20 sample the tracking error signal at the timings the light 
spot illuminates that end of any guide groove 101 and 
that end of the next guide groove 101 which are rear 
and front relative to the direction of the rotation of the 
disk 1 1 , respectively 

25 The sample-and-hold circuit 24 or 25, and the 

average-value circuit 26 can be dispensed with. In the 
case where circuit 24 or 25 and the circuit 26 are not 
used, the sample-and-hold circuit 24 or 25 is used to 
sample the tracking error signal output of the circuit 

30 20, at the timings the light spot illuminates that end of 
any guide groove 101 or that end of the next guide 
groove 101 which are rear and front relative to the 
direction of the rotation of the disk 1 1 , thereby to pro- 
duce the tracking error signal curve 203. 

35 The signal curve 203 output by the average-value 

circuit 26 is input to the subtracter 27. The subtracter 
27 subtracts the output signal of the circuit 26 from the 
output signal of the sample-and-hold circuit 23, there 
by producing an offset-compensating signal. The 

40 amplifier 36 amplifies the offset-compensating signal. 
The signal, thus amplified, is supplied via the inte- 
gration filter 37 to the adder 38. Meanwhile, the track- 
ing error signal is supplied to the adder 38 from the 
tracking-error detecting circuit 20. Hence, the adders 

45 38 adds the offset-compensating signal and the track- 
ing error signal, thus generating a sum signal which 
is a tracking error signal containing no offset The sum 
signal is input to the actuator drive circuit 28. In 
accordance with the sum signal, the circuit 28 drives 

50 the tracking actuator 29. The circuit 28 not only per- 
forms phase compensation and amplification, thereby 
to optimize feedback control, but also moving the 
objective lens such that the light spot jumps to any 
adjacent track (track jump control). 

55 In the meantime, the track counter 39 receives 

the signal output by the signal-processing circuit 16 
and also the tracking error signals from the tracking- 
error detecting circuit 20, and counts the tracks 
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irradiated with the laser beam, by the method hitherto 
known. The output signal of the counter 39 is supplied 
to the track-accessing device 40. The track-accessing 
device 40 carries out track-accessing control in 
accordance with the output signal of the track counter s 
39. 

As has been pointed out, the elongated pits 104 
have the same cross section as the guide grooves 
101. Hence, each elongate pit 104 serve to achieve 
track-counting, just as do the guide groove 101, thus 10 
reducing the possibility of erroneous track-counting. 
(Erroneous track-counting cannot be completely 
eliminated since each elongated pit 104 is spaced 
apart from either adjacent guide groove 101 in the 
radial direction of the disk 11 by half the track pitch.) is 
Since the possibility of erroneous track-counting is 
reduced, the offset-compensating areas 107 can 
made broader than the mirror-surface areas 404 of 
the conventional optical disk (Fig. 7). Therefore, the 
offset of a tracking error signal can be compensated 20 
more reliably than otherwise. 

Fig. 4 is an enlarged plan view showing a part of 
an optical disk according to another embodiment of 
the present invention. As is illustrated in Fig. 4, the 
disk has parallel guide grooves 301 defining tracks 25 
among them. The disk has a plurality of regions 306 
and a plurality of regions 307. These regions 306 and 
307 extend along the radii of the disk. Prepits 303 are 
formed in those portions of the tracks which are in the 
regions 306, and arranged in the center lines of the 30 
tracks. No prepits 303 are formed in each region 307. 
Hereinafter, each of these regions 307 will be referred 
to as "offset-compensating areas," and the remaining 
regions 306 of the disk, in which prepits 303 are for- 
med, will be referred to as guide groove areas." 35 

That part of each guide groove 301 which Is for- 
med in any offset-compensating area 307 consists of 
two portions 304 and 305 deviated in the opposite 
directions, such that they form a letter of S. These cur- 
ved portions 304 and 305 serve to compensate the 40 
offset, if any, of a tracking error signal generated from 
a diffracted laser beam reflected from any guide 
groove 301. 

The optical disk, part of which is shown in Fig. 4, 
is of the same type shown in Fig. 9. It has a number 45 
of concentric circular tracks 601. The recording layer 
of the disk consists of a plurality of sectors. The guide 
areas 306 and the offset-compensating areas 307 are 
formed in the recording layer such that these areas 
extend in the radial direction of the disk and are so 
spaced apart from one another along the concentric 
tracks. In the case of an optical disk (not shown) hav- 
ing a spiral track, the guide areas 106 and the offset- 
compensating areas 1 07 are formed in the same way. 

The guide grooves 301, each have an S-shaped 55 
part, have been formed, simultaneously with the 
prepits 303, by momentarily vibrating a groove-form- 
ing laser beam by means of an acousto-optic device. 



The prepits 303 are used as sector marks, as marks 
for generating clock-sync signals, or as marks repre- 
senting address data. 

The function if the offset-compensating areas 307 
will be explained, with reference to Figs. 5A and SB. 
Fig. 5A is an enlarged plan view showing adjacent two 
of the guide grooves formed in the surface of the opti- 
cal disk, and Fig. 5B is a timing chart showing the 
waveforms of three signals B1, B2 and B3 which an 
optical detector outputs when a light spot scans the 
track along lines A1, A2 and A3 shown in Fig. 5A, re- 
spectively. The light spot scans the track along the 
line A1 when the track deviates inwards from the axis 
of the objective lens; it correctly scans the track along 
the line A2 (i.e., the center line of the track); it scans 
the track along the line A3 when the track deviates 
outwards from the axis of the objective lens. 

As is evident form Figs. 5A and 5B, the levels of 
the signals B1, B2, B3 fall at time t, and time t 2 . This 
is because, in the offset area 307, the light spot illumi- 
nates a part of the curved portion 304 of a guide 
groove 301 and then a part of the curved portion 305 
of the adjacent guide groove 301, as it scans the track 
along the lines A1 , A2, and A3. More precisely, the 
signal B2, which is generated when the light spot cor- 
rectly scans the track along the line A2, falls to almost 
the same level at time ti and time t 2 . By contrast, the 
level of the signal B1, which is generated when the 
light spot scans the track along line A1 f falls more at 
time t-i than at time t 2 ; the level of the signal B3, which 
is generated when the light spot incorrectly scans the 
track along the line A3, fall less at time U than at time 
t 2 . Thus, the signal output by the optical detector is 
sampled at times t, and t 2 by using timing pulses (later 
described), and the difference between the two 
sampled signal segments is obtained and used as a 
tracking error signal which contains no offset resulting 
from the deviation of the objective lens from the axis 
of the optical head, or from the warping or inclination 
of the disk. Therefore, this tracking error signal is 
used, compensating the offset contained in the track- 
ing error signal generated from the laser beam reflec- 
ted from any guide area 306. The tracking error signal 
generated from the laser beam reflected from the off- 
set area 307 enhances the accuracy of the tracking 
control. 

Figs. 5C and 5D show another embodiment of the 
present invention, especially about the shape of the 
deviated portion of the guide groove. 

Referencing to Figs. 5C and 5D, the same result 
is obtained just like above description. 

Fig. 6 illustrates an optical disk apparatus in 
which the disk of Fig. 4 is used. This apparatus is simi- 
lar to that of Fig. 3, and its components which are iden- 
tical or similar to those of the apparatus shown in Fig. 
3 are designated at the same numerals, and will not 
be described in detail. 

As is shown in Fig. 6, this apparatus comprises an 
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optical head 12, amplifiers 1 5, a signal-processing cir- 
cuit 16, and a tracking-error detecting circuit 20. 
These components 12, 15, 16, and 20 are identical 
the components designated at the same numerals in 
Fig. 3. The head 12 is designed to record data on, and s 
reproduce data from, the optical disk 11 of the type 
shown in Fig. 4 which is set in the optical disk 
apparatus. 

The signal output by the signal-processing circuit 
1 6 is supplied to a timing detecting circuit 21 . The cir- 10 
cuit 21 outputs two timing pulses at time t, and time 
t* The light spot irradiates two deviated edges of the 
offset area 307, respectively. The circuit 21 generates 
two timing signals based on the time at which the opti- 
cal detector generates a signal from the diffracted 15 
laser beam reflected from the prepit 303 immediately 
preceding the offset area 307. These timing pulses 
are supplied to an offset-compensating circuit 32. 

The offset-compensating circuit 32 comprises 
sample-and-hold circuits 33 and 34, a subtracter cir- 20 
cuit 35, an amplifier 36. an integration filter37, and an 
adder 38. The sample-and-hold circuits 33 and 34 
sample and hold the signal reproduced by the circuit 
16 upon receipt of the timing signals supplied from the 
circuit 21, that is, at time t, and t 2 (Fig. 5B), respect- 25 
fvely. The subtracter circuit 35 finds the difference be- 
tween the outputs of the sample-and-hold circuits 33 
and 34 and generates an offset-compensating signal 
representing this difference. The amplifier 36 
amplifies the offset-compensating signal. The 30 
amplified offset-compensating signal is input to the 
adder 38 through the integration filter 37. The adder 
38 adds the offeet-compensating signal to the track- 
ing error signal supplied from the tracking-error 
detecting circuit 20. The adder 38 output a tracking 35 
error signal which contains no offset resulting from the 
deviation of the objective lens from the axis of the opti- 
cal head 13, the warping of the disk 11, or the incli- 
nation of the disk 11. The offset-free tracking error 
signal is input to the actuator drive circuit 28. In 40 
accordance with this signal, the circuit 28 drives a 
tracking actuator 29. Driven by the circuit 28 operating 
in accordance with the offset-free signal, the actuator 
29 perform tracking control with high accuracy. 

In the meantime, a track counter 39 receives the 45 
signal output by the signal-processing circuit 16 and 
also the tracking error signals output by the tracking- 
error detecting circuit 20, and counts the tracks 
irradiated with the laser beam, by the method hitherto 
known. The output signal of the counter 39 is supplied 50 
to the track-accessing device 40. The track-accessing 
device 40 carries out track-accessing control in 
accordance with the output signal of the track counter 
39. Unlike the guide grooves 101 of the disk shown in 
Fig. 1 f the guide grooves 301 are continuous, each 55 
having curved portions 304 and 305 formed in the off- 
set area 307. The continuous grooves 301 serve to 
increase the accuracy of the track-counting. 



The present invention is not limited to the embo- 
diments described above. Various changes and mod- 
ifications can be made without departing the scope of 
the invention. 

For instance, an A/D converter can be used to 
convert the output of the tracking-error detecting cir- 
cuit 20 to a digital signal, and the sample-and-hold cir- 
cuits, the average-value circuit, the subtracter circuit, 
the adder, and the like - all being analog circuits used 
in the apparatuses of Figs. 4 and 6- can be replaced 
by digital circuits. 

Each sector of the optical disk 1 1 can have either 
one offset area or a plurality of offset areas. Further, 
the pits 104 formed in the offset compensating area 
107 (Fig. 1) need not be elongated ones; pits of other 
shapes can be formed in the offset compensate 
area 107. 

Moreover, the present invention can be applied to 
optical recording media other than such optical disks 
described above. It can be applied to a card-shaped 
optical recording medium and a tape-shaped optical 
recording medium. 

As may be understood from the above, the pre- 
sent invention can provide an optica! recording 
medium which allows for compensation of the offset 
in a tracking error signal, and ultimately allows for 
both high-precision tracking control and high-preo- 
sion access control. The invention can also provide an 
optical recording apparatus which can record data on 
a recording medium of this type in high density and 
with high reliability, and which can also access any 
desired part of the medium at high speed. 

Further, when the recording medium of the inven- 
tion is used in the apparatus of the invention, a track- 
counting error is. rf any. very small. The time required 
for accessing any desired part of the medium can 
therefore be much shortened. In view of this, the opti- 
cal recording apparatus according to the invention 
can find many uses. 



Claims 

1. An optical recording medium having: 

a plurality of guide grooves (101) which are 
parallel or substantially parallel; 

a plurality of tracks formed among said 
guide grooves (101); 

offset-compensating areas (107) spaced 
apart in lengthwise direction of said guide 
grooves (101), and separating each of the tracks 
into portions; 

a plurality of first pits (103) formed in each 
portion between adjacent two said guide grooves; 
and 

a plurality of second pits (104) formed in 
said offset-compensating areas and extending in 
center line of the tracks. 
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2. An optical recording apparatus for applying a light 
beam to the optical recording medium (1) as 
defined In claim 1, thereby to record data on the 
medium and reproduce data therefrom, said 
apparatus comprising: s 

an optical head (12) for applying a light 
beam to a desired one of the tracks of said optical 
recording medium; 

signal-generating means (20) for generat- 
ing first and second tracking error signals form d if- 10 
fracted light beams reflected from any one of said 
guide grooves and said offset-compensating area 
adjacent to the guide groove, said tracking error 
signals representing the distance between the 
center of a light spot formed on the medium and 15 
the center line of a target track; 

signal-correcting means (22) for correcting 
the first tracking error signal in accordance with 
the second tracking signal; and 

control means (28) for controlling position 20 
of the light spot in accordance with the first track- 
ing error signal thus corrected. 

3. The apparatus according to claim 2, charac- 
terized in that said signal-correcting means is an 25 
offset-compensating circuit for sampling the first 

and second tracking error signals when the light 
spot irradiates any one of said offset-compensat- 
ing areas and for compensating an offset of the 
first tracking error signal, said offset-compensat- 30 
ing circuit comprising: 

a plurality of sample-and-hold circuits (23, 
24, 25) for sampling and holding the first and sec- 
ond tracking error signals upon receipt of pre- 
determined timing pulse; 35 

an average-value circuit (26) for calculat- 
ing an average of outputs of said second and third 
sample-and-hold circuits (24, 25); and 

a subtracter circuit (27) for subtracting an 
output of said average-value circuit from an out- 40 
put of first sample-and-hold circuit (23) and 
generating an offset-compensating signal repre- 
senting the difference between the outputs of said 
average-value circuit and said first sample-and- 
hold circuit. 45 

4. An optical recording medium having: 

a plurality of guide grooves (301 ) which are 
parallel or substantially parallel; 

a plurality of tracks formed among said so 
guide grooves (301); and 

a plurality of offset-compensating areas 
(307) spaced apart in lengthwise direction of the 
tracks, each having continuous two portions (304, 
305) deviated in the opposite directions. 55 

5. An optical recording apparatus for applying a light 
beam to the optical recording medium (11) as 



defined in claim 4, thereby to record data on the 
medium and reproduce data therefrom, said 
apparatus comprising: 

an optical head (12) for applying a light 
beam to a desired one of the tracks of said optical 
recording medium (11); 

signal-generating means (20) for generat- 
ing a tracking error signal form a diffracted light 
beams reflected from any one of said guide 
grooves, said tracking error signal representing 
the distance between the center of a light spot for- 
med on the medium and the center line of the des- 
ired track; 

offset-signal generating means (32) for 
detecting the offset of the tracking error signal 
from a diffracted light beam reflected from the two 
curved portions of the guide groove, and for 
generating an offset-correcting signal based on 
the offset thus detected; 

signal-correcting means (38) for correcting 
the tracking error signal in accordance with the 
offset-correcting signal; and 

control means (28) for controlling the posi- 
tion of the light spot in accordance with the track- 
ing error signal thus corrected. 

6. The apparatus according to claim 5, charac- 
terized in that said offset-signal generating 
means (32) is an offset-compensating circuit 
comprising: 

a plurality of sample-and-hold circuits (33, 
34) for sampling and holding a signal reproduced 
from the optical recording medium (11) upon 
receipt of predetermined timing pules; 

a subtracter circuit (35) for subtracting an 
output of one of said sample-and-hold circuits 
(33, 34) from an output of other of said sample- 
and-hold circuits (33, 34) generating an offset- 
compensating signal; 

an amplifier circuit (36) for amplifying the 
offset-correcting signal; 

an integration circuit (37) for integrating an 
output of said amplifier circuit (36); and 

an adder (38) for adding the tracking error 
signal output from said signal-generating means 
(20) and an output of said integration circuit (37). 
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